Parasitism is a life strategy that has repeatedly evolved within the 21 Florideophyceae. Until recently, the accepted paradigm of red algal parasite evolution 22 was that parasites arise by first infecting a close relative and, either through host jumping 23 or diversification, adapt to infect more distant relatives. The terms adelphoparasite and 24 alloparasite have been used to distinguish parasites that are closely related to their hosts 25 from those more distantly related to their hosts, respectively. Phylogenetic studies have 26 cast doubt on the utility of these terms as data show that even alloparasites predominately 27 infect with the same family. All adelphoparasites that have been investigated have lost a 28 native plastid and instead hijack and incorporate a copy of their hosts' plastid when 29 packaging spores. In contrast, a highly reduced plastid that has lost all genes involved 30 with photosynthesis was sequenced from the alloparasite Choreocolax polysiphoniae, 31 which indicates that it did not pass through an adelphoparasite stage. In this study we 32 investigate whether other species in the Choreocolacaceae, a family of alloparasites, also 33 retains its native plastid, as well as test the hypothesis that alloparasites can arise and 34 subsequently speciate to form monophyletic clades that infect a range of hosts. We 35 present the plastid genome for Harveyella mirabilis which, similar to that of C. 36 polysiphoniae, has lost genes involved in photosynthesis. The H. mirabilis plastid shares 37 more synteny with free-living red algal plastids than that of C. polysiphoniae 38 Phylogenetic analysis identifies a well-supported monophyletic clade of parasites in the 39
fifteen 5' and five 3' nucleotides were trimmed from the remaining reads and all reads 163 under 100 nucleotides were removed from the dataset. All trimming was completed using 164 CLC Genomics Workbench v. 9.5.2 (CLC Bio-Qiagen, Aarhus, Denmark) and the 165 remaining reads were assembled using default parameters in CLC Genomics Workbench 166 v. 9.5.2. 167
168

Phylogenetic Analysis 169
A total of 823 Rhodomelaceae COI-5P sequences available on GenBank were 170 downloaded into Geneious v. 9.1.5 {FormattingCitation} and aligned with the data 171 generate by PCR for Harveyella mirabilis and Leachiella pacifica. This alignment was 172 subjected to maximum likelihood analysis using RAxML with the GTR+I+G model with 173 1,000 bootstrap replicates. Based upon the results of the preliminary tree, 18S, 28S, COI-174 5P, and rbcL data were compiled from GenBank for thirteen of the closest relatives to a 175 weakly supported clade containing Choreocolax polysiphoniae Reinsch, Harveyella 176 mirabilis, Leachiella pacifica, and GWS021225 ( Harveyella mirabilis, Leachiella pacifica, as well as 2 sequences labeled Rhodomela 228 sp1Cal voucher GWS021225 (KM254767) and Rhodomela sp1Cal voucher GWS021347 229 (KM254267) (Supplemental Figure 1) . Interestingly, these two GenBank sequences had 230 bootstrap support of 100 as being sister to the sequence of Leachiella pacifica generated 231 in this study (data not shown). Based upon these results, the specimens were reexamined 232 and parasite galls were found on the host, which was subsequently identified as 233
Polysiphonia paniculata based upon rbcL sequence data. protein, isoprene biosynthesis remain conserved. As in the C. polysiphoniae plastid, gltB 289 appears to be a vanishing pseudogene. BLAST similarity searches are able to find 290 conserved homology, however the presence of stop-codons throughout the region 291 suggests that the gene is likely no longer capable of being completely translated. 292
293
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Plastid Genome Comparisons 294
A whole genome MAUVE alignment of the H. mirabilis with C. polysiphoniae and nine 295 representative free-living Florideophyceae plastid genomes identified 13 locally collinear 296 blocks in the H. mirabilis genome that aligned with the free-living plastids (Figure 3) . 297
There were no rearrangements or inversions in the H. mirabilis plastid genome when 298 compared to photosynthetic Rhodomelaceae taxa. When aligning H. mirabilis to the C. Translation; structural constituent of the 50S ribosome rpl24
Translation; structural constituent of the 50S ribosome rpl32
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